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DGM 
7DEOHE$129$UHVXOWVIRU )F
6RXUFH ') 6HT66 $GM66 $GM06 ) 3
Į      
N      
I      
(UURU    
7RWDO  
6 56T  56TDGM 
7DEOHF$129$UHVXOWVIRU )U
6RXUFH ') 6HT66 $GM66 $GM06 ) 3
Į      
N      
I      
(UURU    
7RWDO  
6 56T 56TDGM 
2Q WKH REVHUYDWLRQ RI S YDOXHV WKH VLJQLILFDQW GLIIHUHQFH RI PRVW HIIHFWLQJ IDFWRUV LV LGHQWLILHG )URP$129$
SUREDELOLW\ WHVW S WHVW LI S! WKHQ WKHUH LV QR VLJQLILFDQW GLIIHUHQFH DQG LI S WKHQ WKHUH LV D VLJQLILFDQW
GLIIHUHQFHIURPWKHLUJURXS
7KH$129$WHVWUHVXOWVWKDWIDFWRUVRIIHHGIRUFHDUHKDYLQJSYDOXHV!KHQFHWKHUHLVQR
VLJQLILFDQW GLIIHUHQFH 6LPLODUO\ FXWWLQJ IRUFH IDFWRUV DUH KDYLQJ S YDOXHV    ! VR WKHVH
IDFWRUV DUH DOVRQRW VKRZLQJ DQ\ VLJQLILFDQW GLIIHUHQFH%XW WKHSYDOXHVRI UDGLDO IRUFH IDFWRUV DUH 
WKHUHLVVLJQLILFDQWGLIIHUHQFH IURPWKLVJURXS
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)LJD0DLQHIIHFWVSORWIRU )I E5HVLGXDOSORWVIRU )I
7KH QRUPDOLW\ SORW RI WKH UHVLGXDOV DERYH VKRZV WKDW WKH UHVLGXDOV IROORZ D QRUPDO GLVWULEXWLRQ %RWK SORW RI
UHVLGXDOV YHUVXV ILWWHGYDOXHVDQGSORWRI UHVLGXDOVYHUVXV UXQRUGHUGRQRW VKRZDQ\SDWWHUQ7KXVERWKFRQVWDQW
YDULDQFHDQGLQGHSHQGHQFHDVVXPSWLRQVDUHVDWLVILHG7KHPDLQHIIHFWVSORWDQGLQWHUDFWLRQSORWIRU)HHGIRUFH)I
DUHVKRZQLQ )LJ 
)URP WKH $129$ UHVXOWV WDEOHDGMXVWHG VXP RI VTXDUHV $GM 66 DQG WKHLU WRWDO VXP RI VTXDUHV 66 RQ HDFK
LQGLYLGXDO UHVSRQVH RU FXWWLQJ IRUFH ZKLFK FDQ KHOS LQ ILQGLQJ RXW RI WKH SHUFHQWDJH RI LQIOXHQFH YDOXHV RI WKH
IDFWRUVWRHYDOXDWHWKHVLJQLILFDQFHRIWKHFRUUHVSRQGLQJIDFWRUV 7KH3HUFHQWDJHRILQIOXHQFH HTXDWLRQ LVJLYHQE\

667RWDO
66$GMLQIOXHQFHRI u 
7KHPRVWHIIHFWLYHIDFWRURQ )I LVUDNHDQJOHRQ )FLV IHHGUDWHDQGIRU )U LVDSSURDFKDQJOH$FFRUGLQJWR$129$
VWDWLVWLFDOVLJQLILFDQWDQDO\VLVWKHVHIDFWRUVDUHPRVWLQIOXHQFLQJRQFXWWLQJIRUFHVKHQFHWKHVHDUHFRQVLGHUHGWREH
QRQVLJQLILFDQW7KHSHUFHQWDJHRILQIOXHQFHFKDUWVRQFXWWLQJIRUFHVDUHVKRZQLQ )LJ
)LJDRILQIOXHQFHFKDUWRQ )I ERILQIOXHQFHFKDUWRQ )FFRILQIOXHQFHFKDUWRQ )U
 )X]]\,QIHUHQFH6\VWHP),6 DQG)X]]\6HWV
)X]]\ LQIHUHQFHLV WKHSURFHVVRIIRUPXODWLQJWKHPDSSLQJIURPDJLYHQLQSXWWRDQRXWSXWXVLQJIX]]\ORJLF 7KH
PDSSLQJ WKHQ SURYLGHV D EDVLV IURP ZKLFK GHFLVLRQV FDQ EH PDGH RU SDWWHUQV GLVFHUQHG 7KH SURFHVV RI IX]]\
LQIHUHQFHLQYROYHVWKHIROORZLQJHOHPHQWV0HPEHUVKLS)XQFWLRQV/RJLFDO2SHUDWLRQVDQG,I7+(15XOHV3KDP
'7 HWDO)X]]\ VHWV DQG ORJLF LVDGLVFLSOLQH WKDW KDVSURYHG LWVHOI VXFFHVVIXO LQDXWRPDWHG UHDVRQLQJRI
H[SHUW V\VWHPV+DVKPL . HW DO ,Q UHFHQW SDVW IX]]\ ORJLF KDV IRXQG KLJK GHJUHH RI DSSOLFDELOLW\ LQ
GHYHORSPHQWRIH[SHUWV\VWHPV
)RUWKHFXUUHQWUHVHDUFKZRUNWKH NQRZOHGJHIURPWKHH[SHULPHQWDOGDWD 7DJXFKLDQDO\VLVDQG$129$UHVXOWVDUH
XVHG IRU LWV GHYHORSPHQW7KH VHW RI IX]]\ UXOHVGHILQHV D IX]]\ HVWLPDWLRQ VXUIDFH7KH DFFXUDF\RI LQWHUSRODWLRQ
GHSHQGV RQ WKH QXPEHU RI PHPEHUVKLS IXQFWLRQV WKHLU SRVLWLRQ WKHLU VKDSH DQG WKH UXOHV XVHG WR H[SUHVV WKH
UHODWLRQVKLSV EHWZHHQ WKHVH PHPEHUVKLS IXQFWLRQV +HUH 0DPGDQL PD[PLQ LQWHUIHUHQFH IRU LQWHUIHUHQFH
PHFKDQLVPDQGFHQWUHRIJUDYLW\ &HQWURLGGHIX]]LHU IRUPXODPHWKRG IRUGHIX]]LILFDWLRQDUHXVHGEHFDXVH WKHVH
RSHUDWRUVDVVXUHDOLQHDULQWHUSRODWLRQRIRXWSXWEHWZHHQWKHUXOHV7KHVWUXFWXUHRIIX]]\V\VWHP LVVKRZQLQ)LJ
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39HQDNDWD5DPDLDK 3URFHGLD0DWHULDOV6FLHQFH ± 
)LJ 6WUXFWXUHRIIX]]\UXOHEDVHGLQIHUHQFHV\VWHP
 )X]]\ VHWV
$IWHUREWDLQLQJWKHGDWDIURPH[SHULPHQWVWKHH[SHULPHQWHGUDQJHRILQSXWDQGRXWSXWYDULDEOHVZHUHGLYLGHGLQWR
IX]]\VHWVDVOLQJXLVWLFYDULDEOHLQWKHQH[WVWHS7KHVHPHPEHUVKLSIXQFWLRQVKHOSHGFRQYHUWLQJWRQXPHULFYDULDEOHV
LQWROLQJXLVWLFWHUPV )RXUIX]]\VHWVDUHGHVLJQHGIRUHDFKLQSXWĮN DQG IDQG RXWSXW)I )F DQG )U YDULDEOHV)RU
WKHHQWLUH LQSXW YDULDEOHVHTXDOO\GLVWULEXWHGFXUYHµWULDQJXODU¶ PHPEHUVKLS IXQFWLRQ IX]]\VHWV DUHXWLOL]HG )RUWKH
HQWLUH RXWSXW YDULDEOHVHTXDOO\GLVWULEXWHGFXUYHµJXDVV¶PHPEHUVKLSIXQFWLRQ IX]]\VHWV DUHXWLOL]HG7KHOLQJXLVWLF
WHUPVXVHGLQLQSXWIX]]\VHWVDUH µ/RZ¶µ+LJK¶µ1/RZ¶µ1+LJK¶µ%HORZPLGGOH¶DQGµ$ERYHPLGGOH¶7KHYDOXHV
RILQSXWIDFWRUVDQGFRUUHVSRQGLQJOLQJXLVWLFWHUPVDUH VXPPDUL]HGLQ7DEOH
7KHGHWDLOVRIWKHIX]]\VHWVPHPEHUVKLSIXQFWLRQVDQGUDQJHVRILQSXWDQGRXWSDUDPHWHUV DUHVKRZQLQ)LJ DQG
 UHVSHFWLYHO\
7DEOH([SUHVVLRQVXVHGLQIX]]\VHWVRI )I )F DQG )U
Į 0)QDPH N 0)QDPH I 0)QDPH
 1+LJK  /RZ  /RZ
 1/RZ  %HORZPLGGOH  %HORZPLGGOH
 /RZ  $ERYHPLGGOH  $ERYHPLGGOH
 +LJK  +LJK  +LJK
)LJD0HPEHUVKLSIXQFWLRQIRUUDNHDQJOHE0HPEHUVKLSIXQFWLRQIRUDSSURDFKDQJOHF0HPEHUVKLSIXQFWLRQIRUIHHGUDWH
)LJ  D0HPEHUVKLSIXQFWLRQIRU )IE0HPEHUVKLSIXQFWLRQIRU )FF 0HPEHUVKLSIXQFWLRQIRU )U
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 )X]]\ UXOHV
7KHUHODWLRQVKLSEHWZHHQLQSXWVDQGRXWSXWLQDIX]]\V\VWHPLVFKDUDFWHUL]HGE\VHWRIOLQJXLVWLFVWDWHPHQWVZKLFK
DUHFDOOHGIX]]\UXOHV+DVKPL. HWDO7KHQXPEHURIIX]]\UXOHVLQDIX]]\V\VWHPLVUHODWHGWRWKHQXPEHU
RI IX]]\ VHWV IRU HDFK LQSXW YDULDEOH ,Q WKLV UHVHDUFK ZRUN WKHUH DUH  SRVVLEOH UXOHV ([SUHVVLRQV DQG WKH
DEEUHYLDWLRQGHWDLOVRIWKHVHIX]]\VHWVJLYLQJPLQLPXPYDOXHVRIHVWLPDWLRQHUURUDUHSURYLGHGLQ7DEOHDQG
7DEOH)X]]\UXOHV
61R Į N I )I )F )U
 1+LJK /RZ /RZ )I )F )U
 1+LJK %HORZPLGGOH %HORZPLGGOH )I )F )U
 1+LJK $ERYHPLGGOH $ERYHPLGGOH )I )F )U
 1+LJK +LJK +LJK )I )F )U
 1/RZ /RZ %HORZPLGGOH )I )F )U
 1/RZ %HORZPLGGOH /RZ )I )F )U
 1/RZ $ERYHPLGGOH +LJK )I )F )U
 1/RZ +LJK $ERYHPLGGOH )I )F )U
 /RZ /RZ $ERYHPLGGOH )I )F )U
 /RZ %HORZPLGGOH +LJK )I )F )U
 /RZ $ERYHPLGGOH /RZ )I )F )U
 /RZ +LJK %HORZPLGGOH )I )F )U
 +LJK /RZ +LJK )I )F )U
 +LJK %HORZPLGGOH $ERYHPLGGOH )I )F )U
 +LJK $ERYHPLGGOH %HORZPLGGOH )I )F )U
 +LJK +LJK /RZ )I )F )U
7KH PHPEHUVKLS IXQFWLRQ RI V\VWHP FRXOG EH REWDLQHG E\ XVLQJ 0DPGDQL PD[PLQ LQWHUIHUHQFH DV PD[  LQ
0$7/$%5D 7KHYDOXHVRIIHHGIRUFH)IFXWWLQJIRUFH)FDQGUDGLDOIRUFH)UIRU Į  N  
DQG I PPUHYZHUHREWDLQHGDV NJINJIDQGNJIUHVSHFWLYHO\
 7HVWLQJDQG&RPSDULVRQ
)RUWKHSXUSRVHRIWHVWLQJDQGFRPSDULVRQRIH[SHUWV\VWHPVF\OLQGULFDOWXUQLQJH[SHULPHQWVZHUHGRQHXSRQZRUN
SLHFHV DW FRQVWDQW FXWWLQJ VSHHG DQG GHSWK RI FXW XVLQJ WXUQLQJ FXWWLQJ WRROV KDYLQJ GLIIHUHQW LQFOLQHG DQG
DSSURDFKLQJDQJOHV7KHFXWWLQJIRUFHFRPSRQHQWVZHUHPHDVXUHGDWIRXUGLIIHUHQWIHHGUDWHV,QRUGHUWRFRPSDUH
WKH HVWLPDWHG YDOXHV RI FXWWLQJ IRUFHV IURP WKH IX]]\ UXOH EDVHG V\VWHP ZLWK WKH DFWXDO GDWD DFKLHYHG IURP
H[SHULPHQWV WKUHH RI GDWD VHW DV VDPSOH ZHUH VHOHFWHG 7KH WKUHH GDWD VHWV DUH WKH RSWLPL]HG UHVXOWV LQ WDJXFKL
H[SHULPHQWDODQDO\VLV )URPWKHUXOHYLHZHUWKHYDOXHVIRUDOOWKHWKUHHFXWWLQJIRUFHV )I )F DQG )UDUHREWDLQHGE\
XVLQJH[SHULPHQWDOGDWDVHW DQGVKRZQLQ7DEOH
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7DEOH)X]]\UHVXOWV
,QSXW)DFWRUV )X]]\UHVXOWV
Į N I )I )F )U
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
7DEOH&RPSDULVRQRIIX]]\ SUHGLFWHGYDOXHVZLWKH[SHULPHQWDOYDOXHVIRURSWLPL]HGLQSXWYDOXHV
2SWLPDOFRPELQDWLRQV )X]]\YDOXHV)IY ([SHULPHQWDOYDOXHV)HY
Į N I )I )F )U )I )F )U
        
        
        
3UHGLFWLRQ(UURU HS   
$FFXUDF\   
$VVHHQLQWKH7DEOH WKH SUHGLFWLRQ HUURURIVDPSOHWHVWLVYHU\FORVHWRWUDLQLQJVHWGDWD7KHWHUPSUHGLFWLRQHUURU
HSFDQEHGHILQHGDVIROORZV
 > @¦  Q L IYHYS ))Q
 H 
,I WKHFXWWLQJ WRROVXQGHUJRHVFKDQJLQJRI WRROJHRPHWU\GXH WRSRVVLEOH WRROZHDURU WRROEUHDNDJH WKHDEQRUPDO
LQFUHDVHLQZHDUZRXOGEHUHSRUWHGE\LQFUHDVHLQFXWWLQJIRUFH7KLVSURYHVWKDWIX]]\ LQIHUHQFH V\VWHPWHFKQLTXH
LQFRUSRUDWLQJFXWWLQJ IRUFHVDVPDMRU LQSXWFDQEHXVHG WRGLDJQRVH WRROZHDU VWDWHV LQ WRROFRQGLWLRQPRQLWRULQJ
V\VWHPV
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 &RQFOXVLRQV
,QWKLVSDSHUWKHRSWLPXPOHYHOVRIIHHGUDWHUDNH DQJOHDQGDSSURDFKDQJOHIRU RSWLPXPFXWWLQJIRUFHVLQWXUQLQJ
DUH LGHQWLILHG XVLQJ 7DJXFKL 0HWKRG$QDO\VLV RI YDULDQFH $129$ LV DOVR FRQGXFWHG WR ILQGWKH RUGHU DQG
SHUFHQWDJH RILQIOXHQFLQJSDUDPHWHUVRQDOOFXWWLQJIRUFHV
)URPWKHUHVXOWVRIWKLVZRUNWKHIROORZLQJFRQFOXVLRQVDUHGUDZQ
x 2SWLPDOFRQGLWLRQVDUHLGHQWLILHGIRURSWLPDOYDOXHVRI )I)F DQG)U WKURXJK7DJXFKL0HWKRG
x $129$WHVWUHVXOWVDUHH[DPLQHGDQGREVHUYHGWKDWWKH RUGHURILQIOXHQFLQJIDFWRURQ)HHGIRUFH)I
LV UDNHDQJOHIHHGUDWHDQGDSSURDFKDQJOHRQ&XWWLQJIRUFH)F LV IHHGUDWHDSSURDFKDQJOH DQGUDNH
DQJOHRQ5DGLDOIRUFH)U $SSURDFKDQJOHUDNHDQJOHDQGIHHGUDWH
x 2QFRPSDULVRQRIIX]]\UHVXOWVZLWKDFWXDOH[SHULPHQWDOYDOXHVIRURSWLPL]HGGDWDVHWVWKHSUHGLFWLRQ
HUURULVIRXQGWREHDERXWDQGSHUFHQWDJH RIDFFXUDF\LV
5HIHUHQFHV
1LFROHWD/81*80DULDQ%25=$1(IIHFWRIFXWWLQJVSHHGDQGIHHGUDWHRQWRROJHRPHWU\7HPSHUDWXUHDQGFXWWLQJIRUFHVLQPDFKLQLQJ$,6,
FDUERQVWHHO8VLQJIHPVLPXODWLRQ3URFHHGLQJVLQ0DQXIDFWXULQJ6\VWHPV9ROXPH ,VVXH
6DJODP+<DOGL]68QVDFDU)7KHHIIHFWRIWRROJHRPHWU\DQGFXWWLQJVSHHGRQPDLQFXWWLQJIRUFHDQGWRROWLSWHPSHUDWXUH0DWHULDOVDQG
'HVLJQ
7KLHOH-'0HONRWH613HDVFRH5$:DWNLQV75(IIHFWRIFXWWLQJHGJHJHRPHWU\DQG ZRUNSLHFH KDUGQHVVRQVXUIDFHUHVLGXDOVWUHVVHV
LQILQLVKKDUGWXUQLQJRI$,6,VWHHO$60(-RXUQDORI0DQXIDFWXULQJ6FLHQFHDQG(QJLQHHULQJ±
$)DWD%1LNXHL7KH(IIHFWRI WKH7RRO*HRPHWU\DQG&XWWLQJ&RQGLWLRQVRQ WKH7RRO'HIOHFWLRQDQG&XWWLQJ)RUFHV:RUOG$FDGHP\RI
6FLHQFH(QJLQHHULQJDQG7HFKQRORJ\
+DFÕ6D÷ODP $QDO\VLVRI WKH LQIOXHQFHVRI IHHG UDWHDQG WRROJHRPHWU\RQFXWWLQJ IRUFHVXVLQJ UHJUHVVLRQDQDO\VLVDQG IX]]\ ORJLF LQ WXUQLQJ
-RXUQDORI7HFKQLFDO2QOLQH9RO
6WRUL-$:ULJKW3.$FRQVWDQWHQJDJHPHQWRIIVHWIRU'WRROSDWKJHQHUDWLRQ0DQXI6FL(QJ'LYLVLRQ$60(0('±
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